Unexpectedly abrupt and pronounced distributions of the thermal molecular ions NO+, 02 , and N2 are observed at mid and high latitudes by the OGO-6 ion mass spectrometer. Normally considered trace constituents of the topside ionosphere, following magnetic storms these minor ions may reach concentration levels exceeding 103 ions/cm 3 at altitudes as great as 1000 km., suggestive of scale heights well in excess of those inferred from low and mid-latitude measurements, under relatively undisturbed conditions.
INTRODUCTION
During the exploratory phase of space research there has been a growing interest in the importance of the solar wind-magnetosphere system as an energy reservoir possibly sufficient to modify the configuration of both the upper and lower atmosphere, otherwise dominated by direct solar ultra violet input.
Indicative of the emerging view of the significance of the magnetospheric energy input is the recent study of Ching and Chiu (1973) which concludes that the Joule dissipation rate of ionospheric electric fields at high latitudes is similar in magnitude and altitudinal profile to the global solar EUV absorption rate, confirming the earlier proposition by Cole (1971) that magnetosphericly induced Joule heating may, during magnetically active periods, constitte a heat source competitive with the direct EUV absorption.
In addition to electric and magnetic field effects, the importance of precipitating particles as an energy source has been the subject of even more numerous studies. The ion-cyclotron instability mode has been proposed as an important factor regulating precipitation, and the work of Brice (1971) suggests that these instabilities may result in localized precipitation patterns and associated energy changes.
This changing view of the relative importance of direct and and indirect solar energy input to the upper atmosphere has been accompanied by a closely related interest in the degree of association between solar-magnetospheric processes and unexpected, unexplained perturbations observed in the mesosphere and troposphere. An example of the renewed interest in this area is the current investigation of the correlation between the winter pattern of 300 mb low pressure troughs across North America and the phasing of the sector structure of the solar magnetic field (Wilcox et al., 1973) , which supports the work of Roberts and Olson (1973) who earlier identified a correlation between the trough intensity and the planetary magnetic index, Kp This study, like some related efforts to explain provocative ionospheric and thermospheric anomalies has tended to depend upon a statistical rather than a phenomenological study, due to a lack of controlled, in-situ observations of events and related conditions.
The result of this limitation is that while general trends of correlation between atmospheric events and magnetic activity may be suggested, detailed agreement in specific cases has been difficult to identify.
From this view, it may be inferred that rather unique sets of physical conditions may be required to either (1) permit the effective coupling of solar-geomagnetic energy into the lower atmosphere and/or (2) trigger a detectable atmospheric response to energy so deposited.
It is the purpose of this paper to examine upper ionosphere molecular ion composition data, which because of the unexpected, abrupt enhancements sometimes exhibited at high latitudes, may indirectly offer additional clues to understanding the processes by which the lower atmospheres becomes perturbed. Although we cannot demonstrate that these results from the thermosphere-exosphere region (400-1100 km) relate directly to conditions in the lowest layers of the atmosphere, the dynamic variations in the relatively heavy ions N2 , NO+, and 02+ observed in the topside are surely indicative of importance disturbances in the 100-200 km source level, and may eventually be linked with conditions at still lower levels.
We believe the evidence of irregularities makes a case for phenomenological studies, possibly on a substorm scale, in addition to statistical studies using globally averaged parameters.
The main points we will emphasize are that (1) molecular ion irregularities are sometimes localized in a relatively narrow region of time/space, and (2) the abruptness of these events suggests that lower atmosphere energetic processes presumed responsible for the ion enhancements may also be narrowly distributed.
RESULTS
The data to be discussed have been obtained from the Bennett rf ion composition experiment on OGO-6 during [1969] [1970] . Over much of the near polar orbit (400-1100 km) the molecular ions N 2 , NO + and 02 + are observed as secondary in content relative to the primary ions O , H+, He+ and N+ (Taylor, 1973) . At high latitudes, however, and particularly during magnetic storms, the concentration of each of the molecular ions increases significantly often in the form of pronounced enhancements or peaks which emerge abruptly even as the satellite height is increasing rapidly with latitude.
To illustrate the significance of the high latitude enhancements in the molecular ions, we first examine the strong altitudinal dependence exchibited by the molecular ion distributions at low and mid latitudes. In Figure 1 , the distributions of NO + , N 2 +, and 02+ are shown for equinox, early morning local time, with altitude centered on the dipole equator. The inter-hemispheric symmetry observed between the distributions is indicative of the strong altitude-magnetic latitude relationship in ordering the distributions during quiet magnetic activity.
The observed rapid decrease in molecular ion concentrations with increasing altitude is reasonably consistent with the assumption that above 400 km the distributions of these ions are controlled largely by diffusive equilibrium. Examnation of a series of such profiles, has shown that a density decrease of a factor of 3 usually occurs in about 20-30 km for these ions at mid and low latitudes, under undisturbed conditions. Such a rapid decrease with altitude above the chemical equilibrium level is reasonably consistent with altitude profiles obtained from sounding rockets (Brinton et al., 1969 ) (Hoffman et al., 1969) . Note that approaching high latitudes, near 60-700, the distributions continue to decrease rapidly with altitude, providing no evidence of unusual enhancements at this particular local time, longitude, and quiet magnetic activity. Note also that similar distributions are obtained for each of the molecular ions, as is rather typical of the data examined to date. For simplicity and clarity we will show only NO+ in the illustrations which follow, with the understanding that the NO+ distributions are representative of similar variations in the other 2 molecular ions.
As the longitude and magnetic local time of the orbit shifts from day to day, the prominence of the low altitude molecular ion distribution changes significantly, particularly near the terminator where abrupt day-night variations in ion content are observed. In The difficulty in separating these effects in a given orbit is seen in Figure 4 , where the southern hemisphere perigee distribution of NO+ appears as the combined result of decreasing altitude and the onset of high latitude enhancement. Near apogee in the northern hemisphere, however, the low altitude component is not present, and the presence or absence of a high latitude peak becomes obvious. As shown, an unexpected, significant peak in NO+ is observed on the second of series of 3 consecutive passes, which are separated by about 100 minutes in UT and 24 longitude. In sharp contrast to pass 2, the NO + concentration for passes 1 and 3 drops to the measurement background level, revealing at least an order of magnitude increase in NO+ concentration for pass 2, within the time and space resolution afforded by the observations.
A similar example of an abrupt, isolated enhancement in NO+ is given in Figure 5 , again near local dawn with apogee in the northern hemisphere. Note that while a persistent enhancement in NO+ is measured in the south, at considerably lower altitude, the northern hemisphere increase of more than an order of magnitude in NO+ is restricted to pass 2. In this case the longitudinal extent of the peak is necessarily less well defined than Figure 4 , since the 3rd pass in the sequence of 4 was lost in data processing. where molecular ion production and chemistry are most important.
It is interesting to note that the latitudinal extent frequently observed for the NO+ peaks is rather similar to the latitudinal zone of 2 -5 0 A identified for the penetration of magneto-sheath plasma at the cusp or neutral point by Heikkila and Winningham (1971) . While direct precipitating particle data has not yet been possible, the extensive correlation already established between soft electron precipitation and auroral disturbances (e.g. Hoffman and Laaspere, 1972) supports the premise that the ion anomalies may be associated with particle events.
The detailed temporal and spatial relationship between energy input, either in the form of particle precipitation or Joule heating, and resultant magnetic and atmospheric disturbances is not well known.
From these measurements alone it cannot be concluded that the high altitude ionospheric disturbance results from a specific type and location of energy input to the lower atmosphere. These uncertainties notwithstanding, it is significant to note that pronounced enhancements have also been detected in the high latitude distributions of neutral N 2 (Reber and Hedin, 1972) in patterns which suggest magnetically controlled heating of the lower thermosphere at high latitudes. The high altitude data chosen for the present study particularly to minimize altitude effects has precluded correlation of the molecular ion peaks with possibly associated neutral N 2 peaks. However,. direct ion-neutral comparisons at lower altitudes and latitudes do indeed show that storm time enhancements in NO+ are accompanied by similar enhancements in N 2 (Taylor, 1973b) .
Perhaps the most interesting feature of the present results which may be relevant to studies of the perturbation of the lower atmosphere is the evidence that whatever the mechanism, the associated ionospheric (and possibly the atmospheric) disturbance may be discontinuous and/or relatively localized in time and space. Considering precipitating particles as a possible energy source, the localized nature of the observed disturbance appears reasonable. First, numerous particle measurements have shown that the influx of cusp particles is not necessarily stable in intensity or location (e. g. Gurnett and Frank, 1973) .
Second, as shown in the auroral study by Stenbaek-Nielson et al., (1973) longitudinal variations in magnetic field intensity may explain related longitudinal differences in auroral intensity, by virtue of the dependence, of energetic particle mirroring altitudes upon magnetic field intensity.
In view of these factors, it might be expected that atmospheric or ionospheric perturbations linked with particle events might exhibit a pulselike or longitudinally variable character. This possibility could present a significant problem for statistical studies of such phenomenon since the required resolution in time and space may viell be unavailable in existing data sets.
While the present study does not permit direct insight into mechanisms responsible for perturbing lower atmospheric processes per se, we believe that the observed variability provides a relevant clue. and with one orbit missing between 2 and 3, due to a data gap. Note on pass 2 that the northern hemisphere peak in NO + is at an altitude 200 km higher than that for the recurrent peak observed in the south. 
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